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1
GAS TURBINE ENGINE COMPRESSOR
STATOR SEAL

STATEMENT REGARDING FEDERALLY
SPONSORED RESEARCH OR DEVELOPMENT

This invention was made with government support under
Contract No. N00019-12-D-002-4Y01-DOA1 awarded by
the United States Navy. The Government has certain rights in
this invention.

BACKGROUND OF THE INVENTION

This application relates to a seal between a compressor
rotor and a stator vane.

Gas turbine engines are known, and typically include a
compressor stage which compresses air and delivers it into a
combustor stage. The air is mixed with fuel and ignited in the
combustor stage, and products of that combustion pass down-
stream over turbine rotors, driving them to rotate.

It is a desire of modern turbine designer to increase the
efficiency of all aspects of the turbine engine operation. One
loss of efficiency occurs when air leaks within the compressor
section. Typically, the compressor section includes a plurality
of rotating sets of blades, each defining a stage of compres-
sion. Static vanes having airfoils are positioned intermediate
the rotating compressor blades, and served to redirect airflow
between the serial stages.

It is possible for air to leak between the rotor, and an inner
periphery of the stator vane. This air is thus not redirected, as
desired, and hurts efficiency.

It is also often the case that a fan delivers air into the
compressor stage. Typically, both the compressor and fan
have been driven directly by turbine rotors. More recently a
gear reduction has been employed between the fan and a
turbine rotor to allow the fan to rotate at a slower speed.

The use of the gear reduction has allowed the fan to become
larger in diameter. In addition, the fans may deliver air into a
bypass duct, as well as to the compressor. It is desirable to
increase the overall efficiency of the gas turbine engine such
that a higher percentage of air can be delivered into the bypass
duct. Thus, the efficient compression of the air within the
compressor section becomes even more desirable when uti-
lized in a gas turbine engine utilizing a gear reduction drive
for a fan.

Any number of types of seal have been utilized. One known
type of seal includes an abradable material, and a plurality of
knife-edge seals rotating with the rotor. This seal construction
typically extends further inwardly than may be desired, and
requires a large number of parts.

SUMMARY OF THE INVENTION

In one featured embodiment, a compressor section for use
in a gas turbine engine has a plurality of compressor stages,
each provided with a rotor hub. Each rotor hub mounts a
plurality of compressor blades. A rotor drum extends between
the adjacent rotor hubs. A plurality of stator stages have a
radially outer ring and a radially inner ring, with a plurality of
vanes extending between the outer and inner rings. An inner
surface of the inner ring is spaced by a gap from an outer
surface of the rotor drum. The rotor drum is provided with a
plurality of blades having a general airfoil shape to resist
leakage across the gap.

In another embodiment according to the previous embodi-
ment, the inner surface of the inner ring has a small bump
axially aligned with a portion of the plurality of blades
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In another embodiment according to any of the previous
embodiments, the drum has a portion which is generally flat,
and spaced by a constant distance from what will be a center
ofrotation of the rotor hubs. The blades are on the flat portion.

In another embodiment according to any of the previous
embodiments, there are frustoconical portions positioned
upstream and downstream of the flat portion with a larger
portion of each frustoconical portion being spaced down-
stream of a smaller portion.

In another embodiment according to any of the previous
embodiments, the rotor hubs have a generally axially
enlarged radially outer portion, and an axially thinner neck
portion extending radially inwardly. The rotor drum is con-
nected to the rotor hubs at the generally enlarged portion.

In another embodiment according to any of the previous
embodiments, the inner face of the inner ring is provided with
vanes.

In another embodiment according to any of the previous
embodiments, the vanes on the inner ring are downstream of
the blades on the rotor drum.

In another embodiment according to any of the previous
embodiments, the inner and outer rings include a plurality of
ring segments. The ring segments are connected together to
extend for 360 degrees across a central axis.

In another featured embodiment, a gas turbine engine has a
compressor, a combustor and a turbine. The turbine is con-
figured to drive a compressor rotor about an axis. The com-
pressor rotor includes a plurality of compressor stages, each
provided with a rotor hub, and each rotor hub mounting a
plurality of compressor blades. A rotor drum extends between
the adjacent rotor hubs. A plurality of stator vanes have a
radially outer ring and a radially inner ring. A plurality of
vanes extends between the outer and inner rings. An inner
surface of the inner ring is spaced by a gap from an outer
surface of the rotor drum. The rotor drum is provided with a
plurality of blades having a general airfoil shape to resist
leakage across the gap.

In another embodiment according to the previous embodi-
ment, the inner surface of the inner ring has a small bump
axially aligned with a portion of the plurality of blades.

In another embodiment according to any of the previous
embodiments, the drum has a portion which is generally flat,
and spaced by a constant distance from the axis. The blades
are on the flat portion.

In another embodiment according to any of the previous
embodiments, there are frustoconical increasing portions
positioned upstream and downstream of the flat portion with
a larger portion of each frustoconical portion being spaced
downstream of a smaller portion.

In another embodiment according to any of the previous
embodiments, the rotor hubs have a generally axially
enlarged radially outer portion, and an axially thinner neck
portion extending radially inwardly. The drum is connected to
the rotor hubs at the generally enlarged portion.

In another embodiment according to any of the previous
embodiments, the inner face of the inner ring is provided with
vanes.

In another embodiment according to any of the previous
embodiments, the vanes on the inner ring are downstream of
the blades on the rotor drum.

In another embodiment according to any of the previous
embodiments, the inner and outer rings include a plurality of
ring segments. The ring segments are connected together to
extend for 360 degrees across the central axis.

In another featured embodiment, a compressor section has
aplurality of compressor stages configured to rotate about an
axis, each being provided with a rotor hub. Each rotor hub



US 9,169,849 B2

3

mounts a plurality of compressor blades. A rotor drum is
extended between the adjacent rotor hubs. A plurality of
stator stages have a radially outer ring and a radially inner
ring, with a plurality of vanes extending between the outer
and inner rings. An inner surface of the inner ring is spaced by
a gap from an outer surface of the rotor drum. The rotor drum
is provided with a plurality of blades having a general airfoil
shape to resist leakage across the gap. The drum has a portion
which is generally flat, and spaced by a constant distance
from the axis. The blades are on the flat portion. There are
frustoconical increasing portions positioned upstream and
downstream of the flat portion with a larger portion of each
frustoconical portion being spaced downstream of a smaller
portion. The rotor hubs have a generally axially enlarged
radially outer portion, and an axially thinner neck portion
extending radially inwardly. The drum is connected to the
rotor hubs at the generally enlarged portion.

In another embodiment according to any of the previous
embodiments, the inner surface of the inner ring is ring has a
small bump axially aligned with a portion of the plurality of
blades.

In another embodiment according to any of the previous
embodiments, the inner face of the inner ring is provided with
vanes.

In another embodiment according to any of the previous
embodiments, the vanes on the inner ring are downstream of
the blades on the rotor drum.

These and other features of this application will be best
understood from the following specification and drawings,
the following of which is a brief description.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 schematically shows a gas turbine engine.

FIG. 2 is a cross-sectional view through a portion of a
compressor.

FIG. 3 shows a segment of a vane structure.

FIG. 4 shows a rotor drum.

FIG. 5 shows a portion of the FIG. 4 drum.

FIG. 6 shows an alternate embodiment.

DETAILED DESCRIPTION

FIG. 1 schematically illustrates a gas turbine engine 20.
The gas turbine engine 20 is disclosed herein as a two-spool
turbofan that generally incorporates a fan section 22, a com-
pressor section 24, a combustor section 26 and a turbine
section 28. Alternative engines might include an augmentor
section (not shown) among other systems or features. The fan
section 22 drives air along a bypass flowpath B while the
compressor section 24 drives air along a core flowpath C for
compression and communication into the combustor section
26 then expansion through the turbine section 28. Although
depicted as a turbofan gas turbine engine in the disclosed
non-limiting embodiment, it should be understood that the
concepts described herein are not limited to use with turbo-
fans as the teachings may be applied to other types of turbine
engines including three-spool architectures.

The engine 20 generally includes a low speed spool 30 and
a high speed spool 32 mounted for rotation about an engine
central longitudinal axis A relative to an engine static struc-
ture 36 via several bearing systems 38. It should be under-
stood that various bearing systems 38 at various locations
may alternatively or additionally be provided.

The low speed spool 30 generally includes an inner shaft 40
that interconnects a fan 42, a low pressure compressor 44 and
a low pressure turbine 46. The inner shaft 40 is connected to
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the fan 42 through a geared architecture 48 to drive the fan 42
at a lower speed than the low speed spool 30. The high speed
spool 32 includes an outer shaft 50 that interconnects a high
pressure compressor 52 and high pressure turbine 54. A com-
bustor 56 is arranged between the high pressure compressor
52 and the high pressure turbine 54. A mid-turbine frame 60
of'the engine static structure 36 is arranged generally between
the high pressure turbine 54 and the low pressure turbine 46.
The mid-turbine frame 60 further supports bearing systems
38 in the turbine section 28. The inner shaft 40 and the outer
shaft 50 are concentric and rotate via bearing systems 38
about the engine central longitudinal axis A which is collinear
with their longitudinal axes.

The core airflow is compressed by the low pressure com-
pressor 44 then the high pressure compressor 52, mixed and
burned with fuel in the combustor 56, then expanded over the
high pressure turbine 54 and low pressure turbine 46. The
mid-turbine frame 60 includes airfoils which are in the core
airflow path. The turbines 46, 54 rotationally drive the respec-
tive low speed spool 30 and high speed spool 32 in response
to the expansion.

The engine 20 in one example is a high-bypass geared
aircraft engine. In a further example, the engine 20 bypass
ratio is greater than about six (6), with an example embodi-
ment being greater than ten (10), the geared architecture 48 is
an epicyclic gear train, such as a planetary gear system or
other gear system, with a gear reduction ratio of greater than
about 2.3 and the low pressure turbine 46 has a pressure ratio
that is greater than about 5. In one disclosed embodiment, the
engine 20 bypass ratio is greater than about ten (10:1), the fan
diameter is significantly larger than that of the low pressure
compressor 44, and the low pressure turbine 46 has a pressure
ratio that is greater than about 5:1. Low pressure turbine 46
pressure ratio is pressure measured prior to inlet of low pres-
sure turbine 46 as related to the pressure at the outlet of the
low pressure turbine 46 prior to an exhaust nozzle. The geared
architecture 48 may be an epicycle gear train, such as a
planetary gear system or other gear system, with a gear reduc-
tion ratio of greater than about 2.5:1. It should be understood,
however, that the above parameters are only exemplary of one
embodiment of a geared architecture engine and that the
present invention is applicable to other gas turbine engines
including direct drive turbofans.

A significant amount of thrust is provided by the bypass
flow B due to the high bypass ratio. The fan section 22 of the
engine 20 is designed for a particular flight condition—typi-
cally cruise at about 0.8 Mach and about 35,000 feet. The
flight condition 0of 0.8 Mach and 35,000 ft, with the engine at
its best fuel consumption—also known as “bucket cruise
Thrust Specific Fuel Consumption (“TSFC”)”—is the indus-
try standard parameter of Ibm of fuel being burned divided by
Ibf of thrust the engine produces at that minimum point. “Low
fan pressure ratio” is the pressure ratio across the fan blade
alone, without a Fan Exit Guide Vane (“FEGV”) system. The
low fan pressure ratio as disclosed herein according to one
non-limiting embodiment is less than about 1.45. “Low cor-
rected fan tip speed” is the actual fan tip speed in ft/sec
divided by an industry standard temperature correction of
[(Tambient deg R)/518.7)"0.5]. The “Low corrected fan tip
speed” as disclosed herein according to one non-limiting
embodiment is less than about 1150 ft/second.

FIG. 2 shows a compressor section 95 that may be incor-
porated into the gas turbine engine as shown in FIG. 1. Nota-
bly, the compressor section as disclosed in this application
would provide benefits in gas turbine engines without a fan, or
those without a gear reduction driving the fan. Still there are
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increased benefits to improving the efficiency of the compres-
sor section when utilized with a geared turbofan gas turbine
engine.

Compressor section 95 has a plurality of stages including
rotating blades 99 and 97. As can be seen, there are even
further stages downstream as shown in this Figure. The flow
of air through the gas turbine engine would be from the left to
the right in this Figure. The blades 99 and 97 rotate with hubs
100 and 102, respectively. As shown, the hubs have an
enlarged cylindrical outer ring 120. The outer ring 120
extends for a greater axial distance (with axial being defined
along the center axis) than an inner connecting neck or thin
portion 122. A drum 130 extends between the enlarged rings
120. The drum 130 includes a first frustoconical upstream
portion 132 and a downstream frustoconical portion 134. A
flat portion 136 is intermediate the frustoconical portions 132
and 134, and carries blades 138.

As can be appreciated, the upstream frustoconical and
downstream frustoconical portions 132 and 134 increase in
diameter in a direction moving downstream. That is, there is
a larger portion of each frustoconical portion spaced down-
stream of a smaller portion.

Vanes 104 are positioned intermediate each set of turbine
blade sets 99 and 97. The vanes 104 redirect air from one
compression stage 99 to the next downstream compression
stage 97 and 104 have an airfoil shape, as known. An outer
ring 106 connects a plurality of adjacent vanes 104, and
includes a connecting lug 108 which receives bolts to secure
the vane 104 into an outer housing section 200. An inner ring
110 extends circumferentially to connect a plurality of cir-
cumferentially adjacent vanes 104.

As can be appreciated from FIG. 2, the rotor hubs 100 and
102 are driven to rotate, and carry blades 99 and 97 along. The
hub 130 is driven to rotate with the rotor hubs, 100 and 102,
and as the drum 130 rotates, the blades 138 drive air to the
right as shown in FIG. 2, or downstream, to resist leakage
across the area of air upstream, and between the drum 130 and
the inner ring 110. An inner surface 111 of the inner ring 110
is generally smooth, and frustoconical. The inner surface 111
extends axially across section 136 and partially over sections
132 and 134.

Abump 200 is formed on the inner surface 111 of the inner
ring or shroud 110. Thus, the inner surface 111 is not actually
entirely smooth, but instead has the small bump 200 which is
positioned axially at a location aligned with a portion of the
blades 138. The bump assists in setting a minimal gap
between the blades 138 and the inner surface 111.

This arrangement results in a number of the benefits when
compared with the prior art seals which utilize knife-edge
seals. For one, the knife-edge seals typically have their seal-
ing surface radially inwardly, and their drums mounted
between the thin portions 122. This increased the area across
which the seal must be provided. In addition, the prior art
knife-edge seals include a number of separate parts when
compared to the embodiment shown in FIG. 2. In addition, the
efficiency of the embodiment shown in FIG. 2 is improved
when compared to the prior art.

FIG. 3 shows a detail of vane sections 104. As shown, there
are a plurality of vanes 104 circumferentially spaced. The
rings 106 and 110 extend between the circumferentially
spaced vanes 104. A break 107 is shown between two vane
sections. The vane can be assembled as a complete circum-
ferentially continuous unit, or it may be segmented as shown
at 107 to facilitate assembly. However, as assembled, the
rings 106 and 110 may typically be continuous and extend
across 360°.
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FIG. 4 shows the drum 130. As shown, the frustoconical
sections 132 and 134 are spaced from the flat portion 136. As
can be appreciated from FIG. 2 and FIG. 4, the flat portion 136
is generally spaced from the centerline of the engine by a
constant distance across its axial extent. On the other hand,
the sections 132 and 134 extend along an increasing distance
from the centerline as one moves axially upstream further into
the gas turbine engine.

As can be appreciated from FIG. 5, the blades 138 have an
airfoil shape. The rotation R would be clockwise for the
embodiment shown in FIG. 4.

The blades 138 have a downstream curved side 140 and an
upstream curved side 142. A trailing edge 144 is spaced from
leading edge 146. As shown, the trailing edge 144N for the
next adjacent blade 138 is further downstream than is the
leading edge 146 A of the adjacent blade.

FIG. 6 shows another embodiment, wherein the vanes 164
are provided with the outer ring 162 and 166 as in the prior
embodiment. However, the inner surface 168 on the ring 166
is also provided with vanes 170. Vanes 170 serve to redirect
any swirl which may be produced by the blades 138. Note that
the vanes 170 are downstream of the blades 138.

Although an embodiment of this invention has been dis-
closed, a worker of ordinary skill in this art would recognize
that certain modifications would come within the scope of this
invention. For that reason, the following claims should be
studied to determine the true scope and content of this inven-
tion.

The invention claimed is:

1. A compressor section for use in a gas turbine engine

comprising:

a plurality of compressor stages, each of said compressor
stages provided with a rotor hub, and each said rotor hub
mounting a plurality of compressor blades;

a rotor drum extending between said adjacent rotor hubs;

a plurality of stator vanes having a radially outer ring and a
radially inner ring, with a plurality of vanes extending
between said outer and inner rings, and an inner surface
of said inner ring being spaced by a gap from an outer
surface of said rotor drum;

said rotor drum being provided with a plurality of blades
having a general airfoil shape to resist leakage across
said gap;

said inner surface of said inner ring has a small bump
axially aligned with a portion of said plurality of' blades;

said drum has a portion which is generally flat, and spaced
by a constant distance from what will be a center of
rotation of said rotor hubs, and said blades being on said
flat portion; and

wherein there are frustoconical portions positioned
upstream and downstream of said flat portion with a
larger portion of each frustoconical portion being spaced
downstream of a smaller portion.

2. A gas turbine engine comprising:

a compressor, a combustor and a turbine, said turbine con-
figured to drive a compressor rotor about an axis;

the compressor rotor including a plurality of compressor
stages, each of said compressor stages provided with a
rotor hub, and each said rotor hub mounting a plurality
of compressor blades, a rotor drum extending between
said adjacent rotor hubs, a plurality of stator vanes hav-
ing a radially outer ring and a radially inner ring, with a
plurality of vanes extending between said outer and
inner rings, and an inner surface of said inner ring being
spaced by a gap from an outer surface of'said rotor drum,
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said rotor drum being provided with a plurality of blades
having a general airfoil shape to resist leakage across
said gap;

said drum has a portion which is generally flat, and spaced
by a constant distance from said axis, and said blades
being on said flat portion;

wherein there are frustoconical increasing portions posi-
tioned upstream and downstream of said flat portion
with a larger portion of each frustoconical portion being
spaced downstream of a smaller portions; and

said inner surface of said inner ring has a small bump
axially aligned with a portion of said plurality of blades.

3. A compressor section comprising:

aplurality of compressor stages configured to rotate about
an axis, each of said compressor stages provided with a
rotor hub, and each said rotor hub mounting a plurality
of compressor blades, a rotor drum extending between
said adjacent rotor hubs, a plurality of stator vanes hav-
ing a radially outer ring and a radially inner ring, with a
plurality of vanes extending between said outer and
inner rings, and an inner surface of said inner ring being
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spaced by a gap from an outer surface of'said rotor drum,
said rotor drum being provided with a plurality of blades
having a general airfoil shape to resist leakage across
said gap;

said drum having a portion which is generally flat, and
spaced by a constant distance from said axis, and said
blades being on said flat portion;

there being frustoconical increasing portions positioned
upstream and downstream of said flat portion with a
larger portion of each frustoconical portion being spaced
downstream of a smaller portion;

said rotor hubs having a generally axially enlarged radially
outer portion, and an axially thinner neck portion
extending radially inwardly, and said drum being con-
nected to said rotor hubs at said generally enlarged por-
tion; and

said inner surface of said inner ring has a small bump
axially aligned with with a portion of said plurality of
blades.
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